Abstract: In this paper, unsteady process of ignition and combustion of turbulent plane-jet diffusion flame of ethylene/air is numerically simulated with detached eddy simulation (DES) and a reduced kinetic mechanism of ethylene. The kinetic mechanism consisting of 25 species and 131 steps is reduced from a 25 species/131 steps detailed mechanism via the method of error-propagationbased directed relation graph (DRGEP). The DES results of averaged temperature profiles at varied downstream locations are compared with the DNS results of Yoo et al.
Introduction
Hydrocarbons such as methane, propane and ethylene are often used as fuel for air-breathing or rocket engines [1, 2] . Compared to hydrogen, ethylene has a longer ignition delay time and lower peak flame speed, which greatly affect the ignition reliability and combustion performance. Therefore, it is imperative to study the unsteady process of ignition and combustion of ethylene flame.
Numerical simulation of combustion process of hydrogen or methane has been widely conducted [3, 4] . For hydrocarbons with larger molecules than methane, the most critical issue required to be solved prior to simulation is how to handle the complicated kinetic mechanism of hydrocarbons. It is known that a good kinetic mechanism must contain hundreds or even thousands of species and elementary reactions for an accurate simulation of reaction processes, so direct applications of detailed mechanisms in numerical simulation, especially for turbulent combustion becomes infeasible. Hence, reduction of a detailed reaction mechanism into a smaller one that is acceptable for numerical simulation is a key issue for modeling of reacting flows.
In recent years, Lu and Law [5] proposed the directed relation graph (DRG) method for efficient mechanism reduction. The DRG method computes the contributions of other species to the consumption or production rate of the target species and deletes species with lesser contributions. Pepiot-Desjardins and Pitsch [6] and Niemeyer et al. [7] then improved the original DRG method and developed the directed relation graph with error propagation (DRGEP) method. It was shown that compared to DRG, DRGEP produces more compact mechanisms for the same level of accuracy. Zhong et al. [8] reduced the detailed mechanisms of ethylene, n-dodecane and surrogate of kerosene using DRGEP and sensitivity analysis and examined accuracy of the reduced mechanisms with varied species numbers.
In this paper, unsteady process of ignition and combustion of turbulent plane-jet diffusion flame of ethylene/ air is numerically simulated with detached eddy simulation (DES) and a reduced kinetic mechanism of ethylene. The reduced mechanism of ethylene (25 species and 131 steps) is obtained from a detailed mechanism of ethylene (71 species and 395 steps) proposed by Wang [9] with the reduction method of error-propagation-based directed relation graph (DRGEP) [7] . The present numerical study shows that DES method with the reduced mechanism of ethylene can effectively simulate temporal and spatial changes of flow field and species in the ignition and combustion process. Figure 1 shows a schematic diagram of the planar jet reactor with a 2-millimeter-wide slot in the center for fuel injection. The injection speed of ethylene fuel is 204 m/s and the injection temperature is 550 K. The air flow has an inlet speed of 20 m/s and an inlet temperature of 1,550 K. The Navier-Stokes equations and transport equations of species are solved with finite volume method with a DES model based on Menter's SST k-ω model [10] . The convective terms of the equations are spatially discretized using a 2nd-order upwind scheme and the viscous terms are solved with a 2nd-order central scheme. The solution is advanced in time through an implicit Euler method. A perfect gas assumption is used and a turbulent Schmidt number is set to 0.7.
Numerical methods

Reduced kinetic mechanism of ethylene
The reduced mechanism of ethylene (25 species and 131 steps) is obtained from a detailed mechanism of ethylene (71 species and 395 steps) proposed by Wang [9] with the reduction method of error-propagation-based directed relation graph (DRGEP) [7] . Accuracy of the reduced mechanism is examined by comparing laminar flame speed and ignition delay time predicted with the detailed and the reduced mechanisms. Figure 2 [11] can be found. Figure 4 shows contours of instantaneous temperature in the process of fuel ignition and combustion. The dynamic evolution of temperature field due to turbulence mixing and chemical reactions can be easily observed. It is also found from the figure that there exists an ignition delay time of approximately 0.3 ms for generation of ethylene flame. Figures 5 and 6 give contours of mass fraction of OH and CH 2 radical at different moments. The formation and consumption of OH and CH 2 are observed to be strongly related to turbulence eddies caused by fuel/air mixing as indicated in Figures 5 and 6 .
Results and discussions
Conclusion
In this paper, unsteady process of ignition and combustion of turbulent plane-jet diffusion flame of ethylene/air is numerically simulated with detached eddy simulation method (DES) and a reduced kinetic mechanism of ethylene consisting of 25 species and 131 steps. The reduced mechanism is gained from a detailed mechanism via DRGEP and agrees well with the detailed mechanism by examining the predicted laminar flame speed and ignition delay time. Ignition and combustion of the ethylene planejet diffusion flame is simulated and dynamic changes of temperature field and OH mass fraction are obtained. The distributions of Favre-averaged mean temperature profiles at different downstream distances are found to be in good agreement with the DNS results as well as the flame liftedoff height. Dynamic evolutions of temperature field as well as CH 2 and OH radicals show strong relevance with turbulence vortices on the flame formation and propagation. The present numerical study shows that DES method with a qualified reduced mechanism can effectively simulate temporal and spatial evolution of the ignition and combustion process. 
